Information on changes which occur during afterripening is essential to an understanding of the mechanism of the rest period. In the first paper of this series (7) we reported that during after-ripening growth occurs in the embryonic axis of the cherry seed. This growth is accompanied by translocation of materials from cotyledons to axis, an increase in respiration rate of the axis, and an increase in the efficiency with which the respiratory enzyme system is utilized. These data suggest that the respiratory rise might be due to an increased supply of available phosphate or phosphate acceptors. The present work was performed to test this hypothesis. The observations are divided into two parts: A, measurement of changes in total nitrogen and phosphorus in the embryonic axis during after-ripening, and B, fractionation of total phosphate and measurement of the changes in quantities of these fractions during afterripening. The results show that total phosphate concentration in the axis increases during after-ripening. This increase is not reflected uniformly in all fractions measured.
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MATERIALS AND METHODS
Seeds of the sour cherry, Prunitus cerasus L. var. MIontmorency, were obtained and prepared by the methods previously described (7) . The measurements of translocation of total nitrogen and total phosphorus were actually part of the experiment previously described; the sampling procedures and cell counts upon which figures (8) .
The experiments on fractionation of total phosphorus were Because of the small quantities of phosphorus in some of the fractions, three samples of five seeds each were analyzed at each time interval. The axis and leaf primordia were analyzed as a unit rather than separately as reported in the previous paper (7) . Each sample of five axis-leaf primordia units was carried through the entire fractionation procedure separately. The data were then calculated on a unit basis to permit direct comparison with previous data.
To prepare the phosphorus fractions, the freshly dissected material was quickly frozen in dry ice in a mortar made from thick-walled pyrex capillary tubing (35 X 2 mm ID). The frozen material was powdered by pounding with a cold stainless steel pestle and hammer (9) . The frozen tissue was rubbed into suspension in 50 Aliters 10 % perchloric acid (PCA) with a pyrex rod. After centrifuging at room temperature for 1 minute at 1,000 X G the supernatant was transferred to a 6 X 45 mm micro tube. The precipitate was washed twice with 50 Aliter aliquots of 5 % PCA and the washings were added to the supernatant. The residue was dried, digested, and analyzed to provide a measurement of acid-insoluble phosphorus. To the combined supernatant approximately one milligram of specially purified Norite A carbon was added, the solution was stirred, and the carbon was removed by centrifugation. This carbon precipitate was then washed three times with 100 Aditers of glass distilled water and the supernatants were combined. The total solution was then divided into two equal aliquots, one of which was analyzed directly for inorganic orthophosphate and the other dried, digested with N-PCA mixture, and analyzed to give the acid soluble non-nucleotide phosphorus residue.
The 2a, 2c) . These increases represent translocation of nitrogen and phosphorus from the reserves in the cotyledons to the growing cells of the axis. They are correlated with the breaking of rest at least to the degree that after-ripening at 5°C breaks rest. Afterripening at 250 C does not break rest but acts as a control to show changes which occur during moist storage.
Using the data on cell division previously published (7) , the data (figs la, lc, 2a, 2c) were recalculated to show the changes in quantity of nitrogen and phosphorus per cell (figs lb, ld, 2b, 2d). In the case of total nitrogen, the rate of translocation almost exactly parallels the rate of cell division, resulting in a constant amount of nitrogen per cell. However. the amount of phosphorus per cell increases with afterripening at 50 C. Since this increase occurs in cells whose average nitrogen content remains constant during cell multiplication, this may be interpreted as a real increase in total phosphorus, i.e., phosphorus concentration per unit protoplasm.
Between 12 and 16 weeks after-ripening at 250 C there is a sharp increase in phosphorus per leaf primordium cell (fig 2b) . This is the result of a relatively small increase in total phosphorus per leaf primordium (fig 2a) coupled with a relatively stable cell number. It was noted that at this time a number of seeds from this particular seed crop were actually capable of limited growth; this abnormally high concentration of total phosphorus may reflect that growth potentiality.
In the previous paper (7) data were presented to show that after-ripening at 50 C results in increased efficiency in utilization of the respiratory enzymes (fig 2) show such an increase in phosphorus concentration, it seemed desirable to determine whether this increase represents a general increase in the level of phosphate compounds, or whether it is the result of an increase in a particular class of compounds. Therefore, data were obtained in an experiment performed as nearly as possible under conditions identical to those of the experiment described in the previous paper and illustrated in figures 1 and 2 above.
The data in figures 3a to e show the comparison of phosphorus fractions from seeds after-ripened at 50 and at 250 C. In the nucleotide high-and lowenergy phosphorus fractions, as well as the acid insoluble residue, the data are much as would be expected. These fractions increase with after-ripening at 50 C but not at 250 C; the quantities are higher in material after-ripened at 50 C than at 250 C. However, the fractions containing inorganic phosphorus (fig 3d) and acid-soluble phosphorus (fig 3e) are distinctly different. The general increase with afterripening time is not apparent. More important., the quantities are higher, in some cases very much higher, in material from seeds after-ripened at 250 C than at 50 C. This difference is completely reversed from that of any quantity previously related to afterripening.
In figure 3 , the values of the ordinates vary witlh the different fractions. In the non-after-ripened axis, the bulk of the total phosphorus appears in the acidsoluble and insoluble fractions (55 % and 27 %), while the nucleotide and inorganic fractions are relatively small. After-ripening at 50 C results in a decrease in the percentage of acid-soluble fraction and some increase in the relative amount of the low-energy nucleotide fraction. Otherwise, the relationship between the fractions remains approximately constant. However, with 25°C after-ripening, the acid-soluble residue remains the largest fraction, and the inorganic phosphate fraction increases in amount at the expense of the acid-insoluble fraction.
Because of the time-consuming nature of the analyses, it was not possible to perform all of the experiments with seeds from the same crop. The experiments in the previous paper (7) 
DISCluSSION
The total amount of material in the embryonic axis of the cherry seed is almost insignificant in comparison with the total material in the storage organs. For example. the dry weight and total phosphorus of the axis plus leaf primordia is only about 0. opaque to a translucent condition as the embryonic organs begin active growth. Microscopic examination shows the disappearance of starch grains and fat droplets at this time; these reserves are apparently the first used during active growth. Gross chemical analysis cannot distinguish between constituents of the cell, for example proteins, which are present as storage materials, and those which are present as protoplasmic components. Other types of measurement must be developed to measure the shift from storage to active compounds within any particular class of compounds.
The changes in phosphate compounds are closely correlated with the changes in respiratory activity previously noted (7). During after-ripening at 5°C the efficiency of utilization of the respiratory system, as measured by the respiratory increase in the presence of 2,4-dinitrophenol, increases. During 250 C after-ripening respiratory efficiency remains constant or declines. These results might be explained on the basis of an increasing supply of phosphate or phosphate acceptors during 50 C after-ripening, and not at 250 C. The data presented in this paper are consistent with this hypothesis. During after-ripening sufficient to break rest, phosphate is translocated to the growing organs; this translocation is in excess of the rate of growth, and so the effective phosphate concentration increases.
The present data go beyond the relation of total phosphate concentration to respiration and the breaking of rest. The accumulation of phosphate compounds in embryonic organs after-ripened at 5°C shows a pattern consistent with the movement of inorganic phosphate into the metabolic system through such intermediate compounds as sugar phosphates and nucleotides into more stable protoplasmic components such as nucleic acids, i.e., a normal synthetic svstem is operative. In seeds held moist at 250 C and not progressing toward the growing condition, the data suggest a breakdown of the more stable types of compounds and the accumulation of inorganic phosphate. The normal pathways of metabolism and synthesis are not functioning for growth.
In the absence of actual measurements on phosphate turnover, the above considerations remain suggestive and speculative. They might. however, be interpreted as suggesting that the rest period is associated with a metabolic block in the phosphorylation system between the initial phosphorylation of respiratory intermediates and the synthesis of end products. However, they might equally well be interpreted as being the result of a metabolic block elsewhere in the synthetic system which merely is reflected in the accumulation of metabolic intermediates.
It should be emphasized that there is a further problem of interpreting these results in relation to the rest period. It has been shown that in the cherry embryonic growing organs the rest period does not constitute an absolute block to growth; slow growth in the form of cell divisions and accumulation of metabolic constituents does occur even in the earliest stages of after-ripening. It is possible that the changes noted here are associated primarily with this slow growth and only secondarily with the breaking of rest.
The difference between the two years' cherry crops in content of total phosphate raises a question as to the normal differences of distribution of elements and compounds within the seed, and how these may be related to environmental conditions and to physiological behavior of the seed. Von Abrams and Hand (10) platanoides buds, and concluded that respiration is limited by oxygen diffusion through the thick, living, respiring layer of bud scales. Working with Pinus strobus buds in which the rest period was already broken, Kozlowski and Gentile (3) noted a similar limitation to oxygen diffusion imposed by the nonliving scales. In addition, they noted a relationship between oxygen uptake and water content of the tissues, with a deficiency of water acting to limit oxygen uptake.
In the case of seeds, work on the respiration of cherry embryonic leaf primordia showed a respiratory limitation possibly associated with phosphate metabolism. Using 2,4-dinitrophenol, it was shown (6) that the respiratory efficiency of such leaf primordia changes with after-ripening; respiratory enzyme utilization seems to become more complete as the rest period is broken.
A number of workers (1, 2) have considered that the mechanism of rest in seeds (embryo dormancy) and buds is similar if not identical. It therefore seemed desirable to make a direct comparison between leaf primordia of a seed and leaf primordia of a bud to see whether or not similarities could be noted. Ac-
